A convenient, expedient and efficient method for the synthesis of polysubstituted dihydro-2-oxypyrroles is described via the one-pot four-condensation of dialkyl acetylenedicarboxylate, formaldehyde, and amines (aromatic and aliphatic) at ambient temperature in the presence of Manganese (II) Nitrate Tetrahydrate (Mn(NO 3 ) 2 .4H 2 O) as a cost effective and inexpensive catalyst. The present methodology provides a simple and eco-safe procedure for the synthesis of polysubstituted dihydro-2-oxypyrroles with some additional advantages, such as good to high yields, short reaction times, avoidance of hazardous or toxic catalysts, simplicity of operating and work-up procedures with no necessity for chromatographic purification steps.
Introduction
Synthesis of pyrrole rings has attracted great interest due to their biological and pharmaceutical properties. They have been used as human cytomegalovirus (HCMV) protease [1] , CD45 protein tyrosinphosphatase [2] , and an anti-cancer agent [3] . In addition, Thiomarinol A4 used as an antibiotic has pyrrole rings [4] , and a number of alkaloids performing biological activities have pyrrole rings [5] , which have been used as UCS1025A [6] , and Oteromycin [7] . Furthermore, these rings have been used with HIV integrase [8] , and they also have also herbicidal [9] properties. Some of those with biologically properties are shown in Figure 1 .
In recent years, considerable attention has been paid to the design of an efficient and eco-friendly synthetic route through the use of multi-component domino reactions (MCRs) [10] [11] [12] [13] due to their wide range of advantages, such as their atom-economy, simple workup, mild and environmentally-friendly, one-pot, and low-cost. Cu(OAc) 2 .H 2 O [14] , InCl 3 [15] , I 2 [16] , AcOH [17] , [n-Bu 4 [19] , oxalic acid [20] , ZrCl 4 [21] , Fe 3 O 4 @nano-cellulose-OPO 3 ethylenediammonium diformate (EDDF) [23] , tartaric acid [24] , Phthalic acid [25] , and ZnSO 4 .7H 2 O [26] can all be used as catalysts in this transformation. Some of these methodologies have limitations, such as using an expensive catalyst for the reflux condition, a longer reaction time, lower yield, tedious work-up procedure, or the use of a large amount of the catalyst. Thus, as part of our ongoing research program that aims for the development of efficient methodologies, we here report a mild and facile protocol for the synthesis of polysubstituted dihydro-2-oxypyrroles in the presence of Mn(NO 3 ) 2 .4H 2 O as being a readily available and nontoxic catalyst, using a one-pot four-condensation of dialkyl acetylenedicarboxylate, formaldehyde and amines (aromatic and aliphatic) at ambient temperature.
Material and Methods
General. Melting points of all compounds were determined using an Electro thermal 9100 apparatus. In addition, nuclear magnetic resonance, and 1 HNMR spectra were recorded on a Bruker DRX-400 Avance instrument with CDCl 3 as solvent. All reagents and solvents were purchased from Merck, Fluka and Acros chemical companies, and were used without further purification.
General procedure for preparation of polysubstituted dihydro-2-oxypyrroles (5a-q) [16] : A mixture of amine 1 (1.0 mmol) and dialkyl acetylenedicarboxylate 2 (1.0 mmol) was stirred in MeOH (3 mL) for 15 min. Next, amine 3 (1.0 mmol), formaldehyde 4 (1.5 mmol), and Mn(NO 3 ) 2 .4H 2 O (20 mol%) were added and the reaction was stirred for an appropriate time. After completion of the reaction (ascertained by thin layer chromatography, TLC), the mixture was separated by filtration, and the solid was washed with ethanol (3×2 mL) with no column chromatographic separation to give pure compounds (5a-q). The catalyst is soluble in ethanol and was thus removed from the reaction mixture. The products were characterized by comparison of the spectroscopic data ( 1 HNMR). The 1 HNMR data of the products were compared with the literature (Table 4 ). The spectra data of the products are represented below: 
Methyl4-(4-methylphenylamino)-1-(4-methylphenyl)-2,5-dihydro-5-oxo-1H-pyrrole-3-carboxylate (5i):
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Ethyl4-(4-methylphenylamino)-1-(4-methylphenyl)-2,5-dihydro-5-oxo-1H-pyrrole-3-carboxylate (5j):
Results and Discussion
The generalizability of this four-condensation reaction was studied under optimized conditions and the reaction between aniline, dimethyl acetylenedicarboxylate (DMAD) and formaldehyde was investigation as a model reaction, and then the effect of different amounts of the catalyst in MeOH as the solvent was studied in this protocol. In the absence of the catalyst, a trace amount of this product was detected after 12 h ( A comparison of the catalytic ability of some of the catalysts as reported in the literature for the synthesis of polysubstituted dihydro-2-oxypyrroles is shown in Table 3 .
In Table 4 , the 1 HNMR data for the products is compared with that in the literature. This study reveals that Mn(NO 3 ) 2 .4H 2 O has shown extraordinary potential as an alternative, inexpensive, eco-safe, and efficient catalyst for the one-pot synthesis of these biologically active heterocyclic compounds. In addition, good to high yields and short reaction times are other notable advantages of this present methodology.
Conclusions
In conclusion, we have introduced a simple and efficient protocol for the synthesis of a wide range of biologically and pharmacologically polysubstituted dihydro-2-oxypyrroles in the presence of Manganese (II) Nitrate Tetrahydrate (Mn(NO 3 ) 2 .4H 2 O) via a one-pot fourcondensation of dialkyl acetylenedicarboxylate, formaldehyde and amines (aromatic and aliphatic) at room temperature conditions. The promising advantages of the methodology presented are its generalizability, the avoidance of hazardous byproducts in production, good to high yields, short reaction times, clean reaction profiles and ease of product isolation.
